of 500,000 people between the ages of 40-69 collected between 2006 and 2010, which is reportedly demographically representative of the UK population. 1 There are currently approximately 31 million people over the age of 40 and taking the figures from the UK Biobank data we have calculated estimates of medication use from this 2 (Table 1) . Further, 10 million people in the UK are over 65 years old and projections suggest that by 2050, this population will have nearly doubled to around 19 million. 3 One in six of the UK population is currently aged 65 and over and by 2050 this will be one in four. Most people over 65 live with a longterm medical condition, 4 and most people over 75 live with two or more. 5, 6 Such common and chronic conditions such as hypertension necessitate the prescription of often multiple medicines and in 2013 for example, 1.0 billion prescription items were dispensed in the UK: an increase of 3% (30 million items) on the number dispensed in 2012. 7 Further, the demand for organ transplants in the UK is increasing and this will continue as the population continues to age and with an increasing prevalence of obesity and diseases such as cancer, hypertension, diabetes, and those related to alcohol consumption. The number of transplants undertaken in 2012-13 was over 4,200. 
INTRODUCTION
The healthy periodontium is a functional and biological unit that comprises numerous different cell types (for example, fibroblasts, macrophages and inflammatory cells) and connective tissue components (fibres and an extracellular matrix) as well as a rich microvasculature and neural complex. This dynamic, anatomical compartment retains the ability to undergo physiological turnover and remodelling and as such, may be influenced by the actions of a number of drugs. Similarly, when the periodontal tissues are affected by inflammatory disease they become host to many pro-inflammatory cytokine networks which may in turn be affected by drugs that patients may be taking for other medical conditions.
Although the data of total number of patients in the population regularly taking these medications do not appear to be readily available, we have made an estimate of the frequency of a number of medications discussed in this review, using data from the UK Biobank cohort. The UK Biobank is a cohort This paper reviews the effects that drugs may have on the gingival and periodontal tissues. Drug-induced gingival overgrowth has been recognised for over 70 years but is becoming a more prevalent occurrence with wider use of antihypertensive and immunosuppressant drugs. The anti-inflammatory steroids, non-steroidal drugs and anti-TNF-α agents might all be expected to exert a dampening effect on chronic periodontitis although the evidence is somewhat equivocal and none of these drugs has emerged as potentially valuable adjuncts to treat periodontal disease. Desquamative gingivitis is a clinical appearance of aggressive gingival inflammation with which a number of drugs have been associated and the oral contraceptives have also been implicated in the development of gingival inflammation. Patients who are prescribed bisphosphonates and anti-platelet drugs are at risk of serious side effects following more invasive dental procedures including extractions and surgical treatments although timely, conventional management of periodontal disease may be undertaken to reduce periodontal inflammation, prevent disease progression and ultimately the need for extractions.
their periodontal and oral health. The aim of the paper is to review the more common drugs that can affect the periodontium either in its healthy or inflamed condition.
GINGIVAL OVERGROWTH
Gingival overgrowth or gingival enlargement are terms used to describe drug-related gingival lesions that have previously described as gingival hyperplasia or gingival hypertrophy; gingival overgrowth is an overarching clinical description which does not necessitate a diagnosis based upon the histologic composition of the affected gingival tissues.
Drug-induced gingival overgrowth (DIGO) or enlargement is a well-recognised condition that has been researched extensively over the last four decades. Three types of drugs in particular have been reported as associated with DIGO, namely phenytoin, ciclosporin and calcium-channel blockers. The clinical appearances of DIGO show similar features irrespective of the drug or drugs that are causative ( Table 2 ). The first signs of change occur about 1-3 months after the start of dosing and there would appear to be minimal threshold plasma levels of the drugs below which DIGO is unlikely to occur. 17, 25, 26 The interdental papillae become swollen with a granular, pebbly surface which may enlarge further to become nodular and lobulated as the tissues coalesce to affect the marginal and attached gingiva. The overgrowth predominantly affects the buccal and 1 • Reviews the more common drugs that can cause changes in healthy and inflamed periodontal tissues.
• Describes the clinical changes that may be observed.
• Considers the clinical relevance of these issues in general dental practice.
I N B R I E F PRACTICE
labial gingiva in the anterior regions of the mouth. 27 The enlargement will compromise the clinical crown height possibly to the extent of totally obscuring the crowns of the teeth and thus interfering with appearance, speech and function. Interproximal enlargement may displace adjacent teeth causing tooth migration and the emergence of diastemata. DIGO can also affect edentulous areas of the mouth while previously unaffected edentulous mucosa may develop DIGO if dental implants are placed in the tissues. 28, 29 Although DIGO is often firm and healthy in appearance, the enlargement will often compromise severely the standard of plaque control leading to inflammatory change: oedema, bleeding on probing and erythema. Such an appearance is particularly seen when the overgrowth is superimposed upon a pre-existing chronic periodontitis.
Reports of the prevalence of DIGO for these three drugs are extremely varied although the prevalence of the condition for phenytoin and ciclosporin are around 50% and 30% respectively ( Table 3) . The variability of these figures may be due to a range of factors including the type of patients recruited, the length of time they have been on the drug, the doses used and the criteria for defining and measuring the overgrowth. In general, however, there is good evidence to suggest that the prevalence and severity 
Clinical appearance Pathogenesis Histopathology
Phenytoin (Fig. 3 ) Increased collagen and protein production by specific subpopulations of reactive fibroblasts.
9,10
Increased production of platelet-derived growth factor that enhances production of connective tissue.
11
Inactivation of metalloproteinases.
12,13
• Irregular and thickened layer of parakeratinised epithelium with large epithelial ridges protruding into the underlying connective tissue 22, 23 • Proliferation of fibroblasts with increased bundles of irregular collagen
• Increased amounts of extracellular matrix: sulphated and non-sulphated glycosaminoglycans
24
• Increase capillary vascularity and ooedema
• Inflammatory infiltrate with predominance of plasma cells and lymphocytes Ciclosporin (Fig. 4) Increased protein synthesis by subgroup of fibroblasts when stimulated by Ciclosporin. Generic predisposition or protection to action of ciclosporin.
14 Enhanced collagen production and collagen production when fibroblasts also exposed to proinflammatory cytokines such as IL and IL6.
15
Increased production of platelet -derived growth factor, which stimulates production of extra cellular matrix.
16
Reduces production of matrix metalloproteinases and/or increases production of inhibitors of these enzymes.
17,18
Calcium-channel blockers (Fig. 5) Reduced production of matrix metalloproteinases 19 and increased production of extra cellular matrix.
20
Increased production of collagen by enhancing the proliferation of fibroblasts through blockage of Ca² + channels. of DIGO may be associated both with dose of the drug used, and the level of periodontal inflammation and dental plaque present.
PATHOGENESIS
Unlike many of the conditions that affect the periodontal tissues the pathogenesis of DIGO may be regarded as a modification of the normal physiological processes that regulate the turnover of the periodontal tissues. The precise mechanisms by which a number of drugs with quite diverse pharmacokinetics are able to create similar clinical changes are still poorly understood but studies particularly with phenytoin suggest that subjects who are susceptible to DIGO have populations of periodontal fibroblasts that are unregulated to produce increased amounts of collagen and/or extracellular connective tissue matrix 31 (Table 2) . Similarly, regulation of complex array of enzymes that underpin collagen turnover (matrix metalloproteinases and tissue inhibitors of metalloproteinases) may also be responsible for producing a histopathology that is characteristic of DIGO.
PHENYTOIN
Phenytoin is an anticonvulsant prescribed for the control of epilepsy and neuralgias first introduced in the 1930s and the sideeffect of gingival overgrowth was first reported soon afterwards. 32 In the present day, phenytoin is not usually prescribed as a first line drug for the management of epilepsy due to the availability of a wide range of newer, more effective anticonvulsant drugs with fewer side effects. Estimations of the total number of patients in the UK population taking phenytoin in the population are in the tens of thousands (Table 1) . Other anticonvulsant drugs have not been reported to cause DIGO. Therefore most patients who take phenytoin either take it because it has successfully managed seizures for a patient for many years, and therefore there is no reason to risk destabilising seizure control for the patient, or it is used in combination with other anticonvulsants or because seizure control has proven refractory to other drugs in patients with difficult or complex epilepsy syndromes.
CICLOSPORIN
Ciclosporin was initially produced in the 1970s as an antimicrobial agent but its immunosuppressive effects on T-lymphocytes were recognised almost immediately and it is now used to prevent graft rejection in solid organ transplant patients as well as for the treatment of rheumatoid arthritis, pemphigus, pemphigoid, psoriasis and atopic dermatitis. The association between ciclosporin and DIGO was reported in the early 1980s. 33 Postrenal transplantation patients may frequently be found to be taking both ciclosporin and a calcium channel blocking drug such as nifedipine, and this may have synergistic effects on the severity of the DIGO seen. 34 The calciumchannel blocker verapamil, however, appears to have no augmenting effect on the severity and prevalence of ciclosporin-induced gingival overgrowth. 35 Although the use of ciclosporin for the prevention of graft rejection following organ transplantation transformed the success of these lifesaving surgical procedures, other drugs, notably tacrolimus, which does not appear to be associated with risk of DIGO, are increasingly used for the management of graft rejection post-transplantation rather than ciclosporin.
CALCIUM-CHANNEL BLOCKERS
Calcium-channel blockers (CCBs) are a very widely prescribed group of antihypertensive drugs. They are classified into two sub-groups: the dihydropyridines such as nifedipine, amlodipine and felodipine which have been particularly associated with DIGO; and the non-dihydropyridines such as diltiazem and verapamil which have been described in case reports to be associated with DIGO, but generally less consistently. CCBs interfere with the influx of calcium ions through cell membranes and by doing so cause relaxation of smooth muscle and induces vasodilatation of the coronary and peripheral vasculature. The link with gingival overgrowth was first reported in 1984. 36 As with other drugs associated with DIGO the reported prevalence of nifedipineinduced gingival overgrowth varies widely between 5-80%. One of the most extensive community-based studies in the UK published in 1999 found a prevalence of 6.3% of moderate-severe DIGO in over 400 patients taking nifedipine whereas the prevalence of moderate-severe overgrowth in patients taking either amlodipine (1.7%) or diltiazem (2.2%) was not significantly different from that seen in a cohort of control (0%) subjects. The prevalence of DIGO was also three times greater in males than in females. 37 Empirically, as secondary care receivers of periodontal referrals, we see increasing numbers of patients with mild gingival swelling and marked increase in periodontal inflammation associated with amlodipine therapy, which also rapidly improves in cases where the drug is changed to a non-CCB drug. For example, currently around 12% of all patients referred for periodontal assessment at Guy's Dental Hospital are taking amlodipine, which is considerably over double the percentage one would expect to occur purely by chance. Subjectively, these cases often have a less fibrous appearance than those of other cases of DIGO. Given these anecdotal observations and the fact that around 1.5 M people in the UK now take amlodipine, it is possible that this is an emerging important issue in periodontology and urgently requires further study.
Other classes of anti-hypertensive drugs do not appear to be associated with risk of DIGO. These include angiotensin converting enzyme inhibitors (ACE inhibitors, such as 
MANAGEMENT
Management of DIGO depends particularly on local measures including plaque control, control of inflammation and may also require surgical intervention. In addition consideration has to be given as to whether it may be possible to alter the causative drug on some occasions. The Basic Periodontal Examination for a patient with DIGO will invariably produce scores of 4, at least in the anterior sextants. Radiographic examination is essential to determine to what extent if any the periodontal bone support has been compromised and whether the DIGO is a solitary change or one that is superimposed upon an underlying chronic periodontitis that also requires treatment. An intensive programme of plaque control with scaling and prophylaxis is the first line of treatment followed by root instrumentation in cases where there has been loss of clinical attachment. In many cases of less severe overgrowth this conventional approach will be all that is required. Where aesthetics and/or function are compromised and resolution of the overgrowth is not apparent, then surgical reduction of the excess tissue is an option. However, long-term recurrence will occur in around 40% of cases if there is no change in drug treatment. 38 There is some evidence in the literature that removal of the offending drug by substitution often results in marked improvements in the gingival condition [39] [40] [41] [42] and this published evidence is also backed up by our own anecdotal observation in our clinics.
In considering whether to explore whether changing the medication is possible and desirable, it is important to emphasise that this decision rests with the prescribing physician and the dentist's role is only to discuss this with the physician. The decision by the physician to substitute medication in this way depends on assessment of the potential benefits against the medical risks. In particular simply because an alternate drug is available does not mean that this will be without consequence in all cases. For example, in the case of someone with long standing seizure-free epilepsy, one consequence of having a single seizure would be a ban from driving a vehicle for a minimum of one year. Similarly it is self-evident that loss of prevention of graft rejection post-organ transplantation could be life-threatening. Thus the opportunity to substitute medication where a patient takes either ciclosporin or phenytoin should be played down with the patient, although it is perfectly reasonable to explore the possibility with the physician if the overgrowth is severe.
In the case of CCBs and hypertension, as noted above, there are many other classes of anti-hypertensive which may be effective in blood pressure management without causing gingival symptoms. Where the patient already requires a number of different medications to control their blood pressure, or post-myocardial infarction, where CCBs are used also to increase coronary artery blood flow, there may be no opportunity to substitute the 'offending' medication. In all cases the emphasis needs to be on effective communication between the dentist and the physician which is not conducted solely via the patient.
ANTI-INFLAMMATORY DRUGS
Periodontal diseases comprise a group of inflammatory disorders that are driven by microbial challenge (biofilm) and have a complex pathogenesis that has been associated with the imbalance between the production of pro-inflammatory cytokines such as the interleukins and tumour necrosis factor, [43] [44] [45] and prostaglandins, 44, 45 and the moderating effect of protective anti-inflammatory cytokines such as IL-4 and IL-10. 46 The inflammatory nature of the diseases would also suggest that their onset and progression might be affected in those patients who are taking anti-inflammatory drugs for other conditions such as osteoarthritis, rheumatoid arthritis as well as autoimmune diseases, ocular, skin or renal conditions. The drugs that have been studied most often with respect to periodontal diseases are the corticosteroids, the non-steroidal anti-inflammatory drugs (NSAIDs) and more recently, biological therapies such as anti-TNF-α which are effective as biological therapies for conditions such as rheumatoid arthritis.
Corticosteroids
Corticosteroids such as prednisolone, prednisone, betamethasone and dexamethasone are used widely through medicine predominantly for the treatment and palliation of chronic inflammatory conditions. The effects of prednisone on the prevalence and severity of periodontal disease was evaluated in a study of patients with multiple sclerosis who had been on long-term steroid medication for 1-4 years. The magnitude of probing depths and the extent of gingival recession and periodontal bone loss was no different in the patients receiving the steroid therapy to cohorts of controls. The researchers concluded that long-term corticosteroid therapy had no obvious influence on periodontal disease. 47 An earlier study of gingival inflammation and periodontal destruction seen in patients on long-term steroids also demonstrated that the drugs had no effect on the severity periodontal condition and particularly when compared to the standard of oral hygiene. 48 
NSAIDs
Prostaglandins, eicosanoids and the leukotrienes are produced from cell membrane fatty acids through a series of enzymatic pathways: firstly by the action of phospholipase on the membrane phospholipids to produce arachidonic acid, and then through the actions of lipoxygenase and cyclooxygenases (COX-1 and COX-2) to produce the pro-inflammatory mediators.
The first study to evaluate the potential effect of NSAIDs on periodontal status recruited 22 subjects who had been taking the drugs for periods of one year or more. This group had significantly less gingival inflammation and shallower pocket depths than an age-matched control group of only 22 subjects and there was a trend also for there to be less loss of attachment in the group taking the NSAIDs. These results were interpreted as indicating that anti-inflammatory drugs may influence the response of the periodontal tissues to plaque by blocking the production of prostaglandins in the tissues. 49 Another study compared the dental radiographs of 75 patients with a five-year history of arthritis and NSAID therapy to radiographs of 75 healthy volunteers. The patients on NSAIDs had significantly fewer sites of bone loss than did the healthy controls and the mean percentage bone loss for the entire dentition was also lower in the NSAID group, although the difference was not statistically significant. They concluded that the inhibition of alveolar bone loss was due to the long-term ingestion of the NSAIDs aspirin and indomethacin. 50 While there seems to be a logical argument to support the hypothesis that NSAIDs will influence favourably the periodontal tissues, the complexity of the pathogenesis of periodontitis means it is unlikely that blocking only one pro-inflammatory pathway will result in significant clinical benefit for patients who are taking long-term NSAIDs. Nevertheless, these studies were no doubt the basis for the wealth of clinical trials that followed in the 1980s and 1990s that investigated whether NSAIDs might be used therapeutically for the treatment of periodontal diseases. 51 To date, no such adjunct has been developed; systemic dosing is accompanied with a range of (mainly gastrointestinal) unacceptable, unwanted effects and local, oral applications are largely ineffective. 52, 53 Tumour necrosis factor (TNF-α) is a powerful, pro-inflammatory cytokine that is produced by a range of inflammatory and immune cells and which regulates and triggers the production of other cytokines and itself promotes inflammation, tissue destruction and bone resorption. 54 By means of this contribution to the innate and adaptive immune responses TNF-α plays a crucial and fundamental role in protecting against the challenge of periodontal pathogens such as A. actinomycetemcomitans and evidence from animal studies suggests that dampening the effect of TNF-α by using anti-TNF-α therapies may actually help to sustain the inflammatory reaction in periodontitis. 55 Animal studies also suggest, however, that TNF-α plays an important role in the pathogenesis of periodontitis and inhibitors of the cytokine (the anti-TNF-α drugs pentoxifylline and thalidomide) seem to have a protective effect on the periodontal tissues. 56 Animal studies also suggest that TNF-α, among other cytokines, may be important in the 'conversion' of gingivitis to periodontitis. 57 Further, TNF-α is likely to underpin the commonality of aspects of the aetiopathogeneses of periodontitis and rheumatoid arthritis 54 and the potential effects of anti-TNF-α drugs on the periodontal tissues have been evaluated in patients with arthritis in an almost identical way to how NSAIDs were first studied in the early 1980s.
The findings of the original study showed that the anti-TNF-α drug infliximab may inhibit bone resorption in patients at risk from periodontal disease although probing depths were unaffected and remarkably, the severity of gingival inflammation was increased. 58 These apparently dichotomous findings were unexpected but thought to reinforce the concept that the superficial gingival inflammation and deeper periodontal destruction may represent two separate components of the disease pathogenesis. 59 Comparative studies of patients with rheumatoid arthritis who were receiving anti-TNF-α therapy as regular infusions of infliximab showed that the biological therapy appeared to offer a degree of protection to patients with periodontal inflammation who had less bleeding on probing, attachment loss and shallower probing depths when compared to patients with arthritis but no infliximab therapy. 60, 61 Interpretation of these findings 58, 60, 61 should be made with extreme caution as the studies recruited relatively small numbers of patients and the effect on bone was not evaluated. Further, while this is of some interest with respect to those patients who are on concurrent anti-TNF-α therapy for arthritic and other disease, it is highly unlikely that such highly expensive drugs will be used for the management of periodontal diseases in the foreseeable future. Anti-TNF and other anticytokine therapies are, however, becoming an increasingly routine therapy for the management of rheumatoid arthritis and other chronic inflammatory diseases such psoriasis, and thus will increasingly be taken by some patients within a normal general dental practice.
DESQUAMATIVE GINGIVITIS
Desquamative gingivitis is a clinical term that is used to describe a particularly aggressive type of gingival inflammation that is associated with a number of conditions such as plasma cell gingivitis, an acute exacerbation of erosive or atrophic lichen planus or benign mucous membrane pemphigoid (Fig. 1) . It may also present as a more severe and widespread manifestation of a druginduced lichenoid eruption; drugs that have been implicated include chlorpropamide, tolbutamide (both sulphonylureas used to treat type 2 diabetes), metformin and propanolol and atenolol (beta-adrenoreceptor blocking drugs that have many indications including hypertension, arrhythmias, heart failure and myocardial infarction). These drug-induced gingival changes are, however, rare but where there are problems, the causative drugs can usually be substituted by an alternative medicine. 62 Such cases are best managed by specialist referral in the first instance to identify the underlying aetiology and then the most appropriate treatment regimen.
ORAL CONTRACEPTIVES
The effects of the sex hormones oestrogen and progesterone on the periodontal tissues have been studied extensively for over 60 years and the physiological changes in these hormones during pregnancy, puberty and menstruation appear to be a modifying factor for the response of the gingiva to dental plaque. 63 Pregnancy gingivitis, which affects approximately 35-100% of pregnant women 64 and resolves after birth, is thought to be associated with pro-inflammatory effects of the hormones by increasing the production of prostaglandins, vascular permeability and the influx of neutrophils in the tissues. There is now some evidence, however, to suggest that oestrogen may also have a protective effect 65 and that the periodontal inflammatory changes may not necessarily be linked to changes in levels of cytokines and prostaglandins in the tissues. 66 Nevertheless, the observation of an increased prevalence of gingivitis in pregnancy without an increase in plaque is now supported by robust evidence of a systematic review. 66 The physiological changes in levels of sex hormones are mimicked to some extent by the pharmacological action of the combined oral contraceptives that contain progestogen (1.5 mg/day) and a dose of ethinylestradiol in the range of 30-40 μg/day; doses considerably lower than earlier formulations. This is a highly effective form of contraception and used to control fertility by 25% of women aged 16-49 years and is therefore one of the most widely prescribed drugs in the UK. 67 Interestingly, the British National Formulary doesn't list gingival changes as side effects of these drugs, perhaps recognising that this may not be a direct effect of the drug on healthy tissues but an exacerbating effect on a pre-existing, plaque-induced gingival inflammation.
Our understanding of the long-term effects of low-dose hormonal contraceptives on the periodontal tissues is less well reported but should be of potential concern given the prolonged periods over which these drugs may be prescribed. One study compared groups of women who had been taking hormonal contraceptives for up to four years with a matched control group of non-users with similar plaque levels confirmed that use of contraceptives increased gingival inflammation (Fig. 2) but also produced significantly greater loss of attachment. 68 Based on the available evidence, therefore, it is important that we make our patients aware of the potential influence that oral contraceptives may have on the periodontal tissues and to ensure that preventative programmes of enhanced plaque control are introduced to establish low levels of plaque at the beginning of contraceptive therapy.
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BISPHOSPHONATES
The bisphosphonates comprise a group of analogues of pyrophosphates that inhibit osteoclastic activity to produce a powerful anti-resorptive effect. The drugs may be administered orally or by intravenous infusion and the main indications are for the treatment of post-menopausal osteoporosis, Paget's disease, and hypercalcaemia and bone metastases associated with multiple myeloma and breast cancer. The bisphosphonates licensed for use in the UK are (in order of increasing potency): etidronate (Didronel); clodronate (Bonefos, Clateon, Loron 520); pamidronate (Aredia); alendronate (Fosamax, Fosavance); ibandronate (Bondronat, Bonviva); risedronate (Actonel); and zoledronate (Aclasta, Zometa). Zoledronate is approximately 10,000 times more potent than etidronate (Corgel) and is given as an intravenous infusion for the treatment of Paget's disease and to limit bone resorption in advanced malignancies.
One of the potential side effects of bisphosphonates is osteonecrosis of the jaw (ONJ), a debilitating condition that includes signs that may be evident in the periodontal tissues: exposed alveolar bone, persistent, non-healing ulcers, mobile teeth and unexplained soft tissue infections. 69 This has been particularly associated with those receiving intravenous (as opposed to orally administered) bisphosphonates. The reports of the incidence of ONJ following intravenous bisphosphonate administration must be considered with caution. A prospective, two-year longitudinal study of over 1,000 patients receiving intravenous zoledronate to reduce the incidence of hip fracture following hip surgery found no cases of ONJ and thus suggests an extremely low risk. 70, 71 Conversely, a cohort of nine subjects with ONJ had all received intravenous bisphosphonate for metastatic bone disease and all nine had undergone extraction of periodontally-affected teeth before the development of necrosis of the jaws. 69 These latter observations in particular indicate the need for raised awareness when providing periodontal treatment for patients who are prescribed bisphosphonates and the reader is referred to excellent guidance for practitioners in primary care that has been produced by the Scottish Dental Clinical Development Programme. 72 The clear recommendation is, whenever possible, to undertake periodontal treatment to eliminate infection and improve the standard of home plaque control before bisphosphonate therapy is commenced. Invasive surgical procedures should be avoided if possible although some authorities have suggested that if these are indicated then bisphosphonate therapy can be discontinued temporarily to reduce the risk of ONJ although such a 'drug holiday' or 'drug vacation' must only ever be considered after consultation with the patient's medical team.
The placement of implants also involves manipulation of the alveolar bone and bone remodelling is essential for successful osseointegration. Implant success, safety and the incidence of osteonecrosis of the jaw have been assessed in prospective and retrospective studies of 140 patients on oral bisphosphonates with no reported cases of ONJ. 73, 74 Conversely, however, there is evidence of an increased failure of dental implants in patients taking long-term bisphosphonates. 75 So although implants are not contra-indicated in these patients, they must be clearly informed of the potential risks of ONJ and implant failure, the need for regular reviews as part of a recall programme, and consented appropriately. 71, 76 For a more extensive review of the use of implants in patients undergoing bisphosphonate therapy, the reader is referred to a more detailed review by Javed and Almas. 77 From the periodontal point of view, bisphosphonates have proved to be a doubleedged sword. Any drug whose action is to prevent the resorption of bone might be considered to have immense potential in treating a disease where bone is resorbed as a consequence of periodontal inflammation. Indeed, animal studies have reported clear benefit of both intravenous and topical bisphosphonates in preventing bone resorption in plaque-induced periodontitis [78] [79] [80] and implants treated with ibandronate have been shown to increase biocompatibility of the implant surface, promote the formation of the adjacent bone, and accelerate osseointegration when compared to non-treated implants. 81 Human studies have also shown a positive effect of bisphosphonates in slowing the progression of bone resorption in periodontitis [82] [83] [84] [85] although intra-muscular injections of neridronate as an adjunct to non-surgical management of advanced chronic periodontitis failed to show any significant benefit over root instrumentation alone. 86 Many of the human studies are relatively short-term and with equivocal findings. It is unlikely that these drugs will be licenced for treatment of periodontal disease in the foreseeable future.
ANTI-PLATELET DRUGS
These drugs reduce the tendency for platelets to aggregate and are primarily used for the treatment of established cardiovascular disease, the prevention of atherothrombotic events and the treatment of myocardial infarction. Two of the most commonly prescribed drugs are clopidogrel and aspirin which are prescribed at doses between 75 mg-300 mg and are often used in combination. The drugs have different modes of action: aspirin is a cyclooxygenase inhibitor that blocks the production of thromboxane A 2 whereas clopidogrel blocks ADP receptors on the platelet cell membranes. Both drugs carry a risk of an increased tendency to bleeding during or following periodontal surgery 87 and this risk is far greater when the drugs are used in combination. 88, 89 This risk has been demonstrated by the report of a case of critically severe and life-threatening gingival bleeding following scaling and root instrumentation of the maxillary teeth in a patient prescribed aspirin (100 mg/ day) and clopidogrel (75 mg/day) following coronary angioplasty and stent insertion. 88 Of course the 'double-edged sword' described previously for the bisphosphonates also applies to anti-platelet drugs in that platelet inactivation will see a reduction in platelet-derived, pro-inflammatory cytokines which theoretically will interfere with the progression of periodontitis. Animal studies have shown that systemic administration of aspirin or clopidogrel attenuates inflammation, reduces neutrophil invasion, reduces bone resorption and decreases attachment loss in experimental periodontitis. [89] [90] [91] Further, the findings of a case-control study of almost 400 subjects on doses of aspirin (<300 mg/day) suggest that the drug has a protective effect on loss of attachment although the recognised association of the drug with gingival bleeding will prohibit the realistic development of the drug as an adjunct to conventional periodontal treatment. 92 In contrast to anti-platelet drugs, patients who are taking anti-coagulant drugs such as warfarin do not appear to suffer from increased gingival bleeding, although of course they may present management issues for the dentist during therapy owing to increased risk of post-operative bleeding.
STATINS
Statins, HMG-CoA reductase inhibitors, are taken to lower cholesterol and are some of the most widely prescribed drugs in the UK (Table 1) , particularly in those of middle age and above at risk of cardiovascular disease. In addition to their cholesterol lowering properties they also have strong antiinflammatory properties and may stimulate bone growth. 93 In view of these properties there has been some discussion concerning whether statins may have a beneficial effect on periodontal disease.
Comparing patients who are taking statins against those who are not to determine any possible effect on periodontal disease is subject to considerable methodological difficulties because of the many other confounding factors which might distinguish these two groups and which might also affect their periodontal disease experience 94 and therefore any data obtained this way needs to be viewed with some caution. However, there are some limited data that periodontal patients taking statins may have reduced periodontal disease or risk of tooth loss compared to those who are not, although this is not a consistent finding. [94] [95] [96] [97] Results from rodent models of periodontal disease also support the possible protective effect of statins on periodontal bone loss. 98, 99 In addition, some small experimental human studies where periodontal patients were given statins either systemically or topically also support this hypothesis. [100] [101] [102] Although overall these data are interesting, they do not have any direct impact on the management of periodontal patients for the clinician and certainly it is not currently proposed that statins are suitable to be considered as an adjunctive periodontal therapy.
ANTI-CANCER TREATMENTS
A number of drugs that are used for the treatment of malignant diseases may also affect the periodontal tissues. Cytotoxic chemotherapy is widely used for the management of a very wide range of malignancies. These drugs are typically given by a series of intravenous infusions, and target dividing cells. They typically have a range of acute effects including in the oral tissues, 103 and frequently result in transient neutropenia, which can markedly exacerbate existing periodontal disease. 104, 105 Newer drugs used for the management of cancer may also have effects on the periodontal condition. Tamoxifen, a drug which inhibits oestrogen signalling, is widely taken by many patients with breast cancer, and given the important role of oestrogens in maintenance of bone mass and on gingival tissues, it might be expected to affect the periodontal condition. However, perhaps surprisingly, a recent systematic review found no reports of the effects of this drug on the periodontal tissues. 106 A whole generation of novel drug treatments for cancer are now being introduced, which target cellular signalling mechanisms including inhibitors of growth factors such as vascular endothelial growth factor and inhibitors of their intra-cellular signalling pathways, known as protein kinase inhibitors. These drugs include bevacizumab, sunitinib, and pazopanib, but the list of such drugs is ever increasing. Generally there are few reports of the oral effects of these drugs, although there are reports of increased periodontal disease with pazopanib medication. In general oral side effects of new drugs may often be under-detected during initial clinical trials and the dentist should be alerted to the possibility of any of these new medicines causing oral and periodontal side effects. If in doubt the dentist could refer the patient for specialist advice, and may also report the possible adverse reaction by the Yellow Card scheme, which now offers online reporting. 107 Overall many patients receiving cancer treatments may have adverse effects on their oral health. These observations emphasise the importance of adequate oral and periodontal care both before and during all of these treatments. 104, 108 
CONCLUSION
Numerous drugs are known to have an effect on the periodontal tissues by causing pathological change, by dampening the inflammatory pathways involved in the pathogenesis of periodontal disease or by potentially compromising the management of patients with these conditions. As the number of our patients being prescribed such drugs is increasing each year, the dentist needs to be aware of these effects, how best to manage the patients and when to seek advice from specialist and medical colleagues.
